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MICHITOSHI INOUE, MD, PHD,t TAKENOBU KAMADA, MD, PHD*
Osaka, Japan
To investigate the mechanism of precordial ST segment
depression during right coronary artery occlusion, precor-
dial ST segment shifts and myocardial lactate metabolism
were evaluated during coronary angioplasty in 10 patients
with (group A) and 7 patients without (group B) precordial
ST segment depression during balloon occlusion of the right
coronary artery, and in 17 patients with precordial ST
segment depression during balloon occlusion of the left
anterior descending artery (group C) . A 1 lead electrocar-
diogram was continuously recorded in each patient . Blood
lactate in the aorta and great cardiac vein was measured
during the procedure, and the lactate extraction ratio in the
anterior wall was determined both before and during
balloon occlusion . Eight of the 10 patients in group A and 1
of the 7 patients in group B had a dominant large right
coronary artery .
There were no significant differences in summed ST
segment elevation in leads II, III and aVF between group A
(0 .56 ± 0. 6 mV) and group B (0.46 ± 0.19 mV) during
balloon occlusion of the right coronary artery, and no
Much attention has been given to the electrocardiographic
(ECG) ST segment responses that appear in precordial leads
remote from those showing a current of injury pattern in
patients with acute inferior myocardial infarction . This is
because approximately 60% of patients with acute inferior
infarction show ST segment depression in the precordial
leads (1) . These ECG changes have been called "reciprocal"
by some investigators ( -8), whereas others (9-11) have
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significant differences in summed ST segment depression in
leads V t to V6 during balloon occlusion between group A
(0.44 ± 0 . 6 mV) and group C (0 .38 ± 0.14 mV). Lactate
extraction ratio before balloon occlusion was similar among
the three groups . Patients in group A had a higher lactate
extraction ratio during (38 ± 11%) compared with before
(30 ± 11%) (p
<
0.05) balloon occlusion despite precordial
ST segment depression . In group B, lactate extraction ratio
during (36 ± 10%) was also higher than that before ( 6
±
8%) (p
<
0.01) balloon occlusion
. In group C, however,
lactate extraction ratio before balloon occlusion ( ± 13%)
decreased to a negative value (-
8 ± 55%) (p < 0.01) after
balloon occlusion of the left anterior descending coronary
artery .
It is concluded that myocardial lactate extraction in the
anterior wall increases during balloon occlusion of the right
coronary artery, and that precordial ST segment depres-
sion during occlusion of this artery is probably reciprocal
rather than ischemic.
(J Am Coll Cardiol 1989;14 : 97-30 )
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termed this phenomenon "ischemia at a distance ." Many
attempts have been made to clarify the mechanism
of this
phenomenon by examining coronary angiographic, radionu-
clide ventriculographic and necropsy findings ( -11) . How-
ever, these studies have provided controversial results,
which may be partially explained by differences in patient
selection . The major reason for the controversy is that none
of these techniques provides direct measurements of re-
gional myocardial metabolism or proves the existence of
myocardial ischemia remote from the region showing ST
segment elevation .
Percutaneous transluminal coronary angioplasty provides
a unique opportunity to study the effects of acute transient
coronary artery occlusion both on the ECG and on regional
myocardial lactate metabolism in a clinical situation . How-
ever, there are no reports on the relation of lactate metabo-
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*Group A versus group B ; tgroup A versus group C . IST = summed ST segment changes . Group A = patients
with and Group B = patients without precordial ST segment depression during balloon occlusion of the right
coronary artery : group C = patients with precordial ST segment depression during balloon occlusion of the left
anterior descending coronary artery : RCA = right coronary artery .
lism and ECG changes occurring in nonischemic segments
remote from the ischemic segment involved in transient
balloon occlusion of a coronary artery . In this study, both
precordial ST segment changes and regional myocardial
lactate metabolism in the anterior wall were evaluated to
clarify myocardial metabolism in the region remote from the
area of primary ischemia and to determine whether precor-
dial ST segment depression indicates ischemia in the anterior
wall during balloon occlusion of the right coronary artery .
Methods
Patient selection . We prospectively studied patients
undergoing right coronary angioplasty for the treatment of
angina pectoris (group I) and 46 patients undergoing left
anterior descending coronary angioplasty (group II) . All
patients in group I met the following five inclusion criteria
for this study . 1) All patients had severe stenosis (?90%
diameter reduction) of the proximal or mid portion of the
right coronary artery, proximal to the acute marginal branch .
) No patient had significant (-75%) left anterior descending
or circumflex artery stenosis . Therefore, no patient had wall
motion abnormalities in the anterior or posterolateral re-
gions . 3) Left ventricular wall motion, assessed by left
ventricular angiography 4 to 18 days before the angioplasty,
was preserved and ejection fraction, determined by area-
length method on the left ventricular angiogram, was ?45% .
Inferoposterior wall motion was normal or only mildly
hypokinetic . 4) No patient had clinical evidence of myocar-
dial infarction, and the ECG at rest showed no significant Q
waves or ST segment elevation or depression >_0 .1 mV .
5) All patients had ST segment elevation >_0 .I mV in at least
two inferior ECG leads (II, III or aVF) during balloon
occlusion of the right coronary artery . Five patients were
excluded from this study : three because the great cardiac
vein could not be cannulated and two because blood sam-
pling from the great cardiac vein during coronary angioplasty
was inadequate .
Thus, group I consisted of 17 patients who were classified
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into two subgroups on the basis of precordial ST segment
change during balloon occlusion of the right coronary artery .
Group A, characterized by precordial ST segment depres-
sion >_0.1 mV in at least two leads (V 1 to V 6) during
angioplasty, consisted of 10 patients, 8 men and women,
with a mean age of 61 years (range 5 to 68) . Group B,
characterized by <0 .1 mV precordial ST segment depression
during angioplasty, consisted of seven patients, five men and
two women, with a mean age of 61 years (range 41 to 68) .
Eight patients in group A and one patient in group B had a
dominant right coronary artery .
Control group . To validate that ischemia in the anterior
wall could be assessed by our method, 17 of the 46 patients
with left anterior descending artery stenosis (group II) were
also studied (group C) . They were selected from group II
patients on the basis of the following criteria . Patients with
precordial ST segment elevation during balloon occlusion of
the left anterior descending artery were excluded, and only
those with precordial ST segment depression >_0 .1 mV in at
least two precordial leads were included . Patients with
multivessel disease, poor left ventricular function (ejection
fraction <45%) and akinetic wall motion in the anterior wall
were also excluded . Group C included 13 men and 4 women,
with a mean age of 6 years (range 5 to 74) (Table 1) .
All patients were fully informed about the procedure and
the aim of the study, and written consent was obtained from
all . The research protocol was approved by the research
committee of our institution .
Coronary angioplasty procedure . Coronary angioplasty
was performed in the standard manner (1 ) . In all patients,
an attempt was made not to discontinue all vasoactive
medications such as nitrates, calcium channel antagonists
and an anticoagulant (warfarin, to 5 mg/day) . All patients
received 00 U/kg of heparin intravenously at the beginning
of the procedure and a continuous intravenous infusion of
nitroglycerin at doses of 0 .1 to 0 .3 btg/min beginning at least
0 min before the first balloon inflation .
A Judkins catheter was positioned in the ascending aorta
through the left femoral artery for coronary angiography and
Table 1 . Coronary Angiographic Findings in Three Patient Groups
Group A
(n = 10)
Group B
(n = 7)
Group C
(n = 17) p Value
Age (yr)
	
61 ± 5 61±10 6 ±5 NS
Gender 8 (80%) 5 (71%) 13 (76%) NS
Dominant RCA 8 (80%) I ( 9%) - 0 .0 8*
!ST depression in leads 0.44 ± 0 . 6 0 0 .38 ± 0 .14 NSt
V, to
V6
(mV)
!ST elevation in leads
0.56 ± 0 . 6 0 .46 ± 0 .19 0 NS*
II, III, aVF (mV)
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blood sampling. A 7F Swan-Ganz catheter was positioned in
the pulmonary artery from the right femoral vein to monitor
pulmonary artery pressure . A 5F pacing catheter was posi-
tioned in the right ventricle for pacing in the event of
atrioventricular block during the procedure . A multitherm-
istor catheter or a 7F sampling catheter was positioned in the
coronary sinus from the right or left antecubital vein . The
distal portion of the catheter was positioned in the great
cardiac vein close to its junction with the anterior interven-
tricular vein for blood sampling .
An 8F guiding catheter was positioned in the ascending
aorta through the right femoral artery . The size of the
balloon dilation catheter was chosen on the basis of esti-
mates of the diameter of the normal coronary segment
adjacent to the stenosis ; during inflation, the diameter
ranged from .0 to 3 .5 mm . Balloon inflation was maintained
for 60 s in all patients, except two patients in whom it was
maintained for <60 s because the balloon catheter ob-
structed coronary blood flow sufficiently to produce signs or
symptoms of ischemia before the catheter reached the
stenotic lesion or before inflation .
Electrocardiogram and ST segment analysis . During bal-
loon inflation and for at least I min after balloon deflation, a
standard 1 lead ECG was recorded on a six channel
electrocardiograph (Cardio Auto FD-63, Fukuda Denshi
Corp.) in all patients . To avoid electrode interference with
fluoroscopic imaging during angioplasty, radiolucent precor-
dial electrodes were used (X-Transrode, Nihon Koden
Corp.) . Six limb leads were recorded first, and alternated
with the six precordial leads at 5 s intervals . The ST segment
shift from the baseline, decided by the preceding TP seg-
ment, was measured 80 ms after the end of the QRS
complex. An average of five beats was calculated in each
lead to provide for quantitative analysis (13) . New ST
segment elevation or depression just before balloon deflation
was analyzed, and a shift >_ 1 mm was considered significant .
Blood lactate sampling and analysis . Blood samples were
drawn through the Judkins catheter positioned in the ascend-
ing aorta and through the catheter positioned in the great
cardiac vein . In all patients, blood was sampled before
balloon inflation . During balloon occlusion of the right
coronary artery in groups A and B, blood sampling was
started 45 s after the onset of balloon inflation, and was
completed before balloon deflation . However, in group C,
sampling was begun immediately after balloon deflation of
the left anterior descending coronary artery, and was com-
pleted within 15 s . Blood sampled from the great cardiac vein
should reflect anterior wall metabolism only after balloon
deflation of the anterior descending artery and not during
occlusion. Heparinized blood ( ml) for lactate measurement
was rapidly centrifuged, and 0.0 ml of supernatant was
analyzed . Lactate was measured by the "Determina LA"
assay kit (Kyowa Medics Corp .) and the Automatic Ana-
lyzer 705 (Hitachi Corp .) . Hydrogen peroxide (H 0 ) gener-
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ated from lactate peroxidate was measured by the peroxi-
dase assay, using 4-aminoantipyrine as a substrate . Lactate
extraction ratio was defined as (lactate in the aorta - lactate
in the great cardiac vein)/lactate in the aorta x 100 (%) .
Statistics . The mean values (± SD) of continuous varia-
bles were calculated . A paired t test was used for comparing
the lactate extraction ratio before and after balloon inflation
in each group. Comparisons of the lactate extraction ratio
and sums of the ST segment shifts among groups were made
with analysis of variance and a multiple comparison method .
Chi-square analysis (with the Yates correction) was used to
determine differences between groups. Results were consid-
ered significant at a probability (p) value <0 .05 .
Results
ST segment changes . The sum of the ST segment eleva-
tion in leads II, III and aVF during balloon occlusion of the
right coronary artery in group A was 0 .56 ± 0 . 6 mV, and
was not significantly different from that in group B (0 .46 ±
0.19 mV) . By definition, precordial ST segment depression
during balloon occlusion of the right coronary artery was
observed in all patients in group A and in none in group B
(Fig. 1) . The sum of the ST segment depression in leads V,
to V6 during balloon occlusion in group A was 0 .44 ± 0 . 6
mV . In group C, precordial ST segment depression was
observed during balloon occlusion of the left anterior de-
scending artery, and the sum of the ST segment depression
in leads V I to V6 was 0.38 ± 0.14 mV, which was not
significantly different from that in group A .
Lactate metabolism . Before balloon inflation, mean lac-
tate extraction ratio was 30 ± 11% in group A, 6 ± 8% in
group B and ± 13% in group C . There was no significant
difference among the groups . During balloon inflation, lac-
tate extraction ratio increased in 8 of 10 patients in group A
to a mean value that was significantly higher (38 ± 11%) than
that before balloon inflation (p < 0 .05) . In group B, lactate
extraction ratio increased in six of the seven patients during
balloon occlusion of the right coronary artery, but the mean
value was significantly higher (36 ± 10%) than that before
balloon inflation (p < 0 .01). In group C, however, lactate
extraction ratio decreased in 15 of the 17 patients and lactate
production occurred in 10 patients during balloon occlusion
of the left anterior descending artery . Mean lactate extrac-
tion ratio during balloon occlusion decreased to - 8 ± 55%,
which was significantly lower than that before balloon infla-
tion (p < 0 .01) .
Although precordial ST segment depression during right
coronary artery balloon occlusion was observed in group A,
the mean lactate extraction ratio during occlusion in group A
was not significantly different from that in group B . In group
C, the mean lactate extraction ratio during balloon occlusion
(of the left anterior descending artery) was significantly
300
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Figure 1. Representative electrocardiograms before and during
balloon occlusion of the right coronary artery in patients with (Case
1, group A) (left) and without (Case , group B) (right) precordial ST
segment depression . a, Before balloon occlusion ; b, during balloon
occlusion .
lower than that in group A (p < 0 .01) or group B (p < 0 .01)
(Fig. ) .
Discussion
Lactate metabolism . Lactate production has been em-
ployed as an indicator of myocardial ischemia caused by
arterial ligation (14), atrial pacing stress testing (15) and
balloon coronary angioplasty (16) . Precordial ST segment
depression concomitant with a decrease in myocardial lac-
tate extraction in group C (balloon occlusion of the left
anterior descending artery) suggests ischemia in the region
perfused by this artery . However, in group A (balloon
occlusion of the right coronary artery), a decrease in lactate
extraction or lactate production did not occur . Thus, precor-
dial ST segment depression during right coronary artery
occlusion does not appear to indicate ischemia in the ante-
rior ventricular wall .
On the other hand, myocardial lactate extraction in the
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anterior wall increased during right coronary artery occlu-
sion in patients with (group A) and without (group B)
precordial ST segment depression, and there was no signif-
icant difference in regional myocardial lactate metabolism
between groups A and B . These results suggest that myo-
cardial aerobic metabolism is rapidly augmented in the
anterior wall during acute balloon occlusion of the right
coronary artery irrespective of ECG ST segment changes .
Our results are consistent with those of Wohlgelernter et al .
(17), who studied regional myocardial wall motion during
angioplastic balloon occlusion and demonstrated a case in
which a hyperkinetic segment appeared remote from a
dyskinetic segment. Other investigators (18,19) have also
described increased systolic function in nonischemic seg-
ments opposite those involved by acute myocardial infarc-
tion . These wall motion studies and our study of myocardial
metabolism indicate that augmented function in the nonisch-
emic segment results in an increase in regional myocardial
lactate extraction in the region remote from that of ischemia
induced by balloon occlusion of the right coronary artery
provided that blood flow can increase proportionally to the
increased demands of the region of augmented function .
Thus, precordial ST segment depression during balloon
occlusion of the right coronary artery does not necessarily
indicate ischemia in the anterior wall .
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Figure .
Lactate extraction ratio before and during
balloon occlusion of the right coronary artery (RCA)
with (group A)
(left panel) and without (group B) (middle
panel)
precordial ST segment depression, and lactate
extraction ratio before and after balloon occlusion of the
	
.
left anterior descending artery (LAD) (group C) (right
to
0
panel) . Lactate extraction increased during balloon oc-
clusion of the right coronary artery irrespective of
precordial ST segment change and decreased after bal-
loon occlusion of the left anterior descending artery
.
PTCA = percutaneous transluminal coronary angio-
plasty ; ST
I
= with ST segment depression
; STS =
without ST segment depression ; data are expressed as
mean values ± SD . -100
Mechanism of precordial ST segment depression .
Pro-
posed explanations of the mechanism of remote ST segment
change have included the large coronary hypothesis, recip-
rocal hypothesis, and multivessel hypothesis . Brymer et al .
(9) studied the mechanism of this phenomenon in patients
with single vessel coronary artery disease undergoing angio-
plasty, and concluded that remote zone ST segment changes
during coronary angioplasty are not simply reciprocal, but
represent "ischemia at a distance," which is due to occlu-
sion of an unusually large coronary artery serving on an
extensive area of myocardium . Precordial ST segment de-
pression during right coronary artery occlusion theoretically
may represent ischemia in patients with an extremely large
right coronary artery that wraps around the cardiac apex to
supply a part of the anterior surface of the left ventricle .
However, in our study groups, no patient had such coronary
artery anatomy, and we found that "ischemia at a distance"
could not explain ST segment changes from the anterior wall
during right coronary artery occlusion . In our study, a
dominant right coronary artery was observed in 8 of the 10
patients in group A and 1 of 7 patients in group B . Thus,
precordial ST segment depression during balloon occlusion
of the right coronary artery may partly depend on the extent
and pattern of the distribution of the right coronary artery to
the posterior wall, and reflects extensive involvement of the
wall segment opposite from the precordial ST segment
changes .
Several studies (3,8,11) investigated precordial ST seg-
ment changes using coronary angiography, submaximal ex-
ercise, thallium- 01 scintigraphy and multigated blood pool
imaging in patients with inferior myocardial infarction, and
revealed that patients who had acute inferior myocardial
infarction and precordial ST depression had greater global
and regional left ventricular dysfunction due to more exten-
sive inferior or inferoposterior wall infarction, rather than
C
0
u
a,
0
0
I Group A I
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concomitant anteroseptal ischemic injury . Our results using
the lactate extraction ratio to measure regional myocardial
metabolism support this "reciprocal hypothesis ."
The multivessel disease hypothesis has been employed as
an explanation of ST segment depression . Stenosis of the left
anterior descending artery in addition to occlusion of the
right coronary artery may cause ischemia and precordial ST
segment depression because mechanical stress of the ante-
rior wall is increased (11, 0, 1) and collateral flow to the
anterior wall from the occluded right coronary artery is
reduced (4) . Because we did not include such patients with
significant stenosis in multiple vessels, the "multivessel
hypothesis" cannot be used to explain the results in our
study . In our experience in patients with multivessel coro-
nary artery disease, precordial ST segment depression dur-
ing right coronary artery occlusion was observed in 6 of 6
patients with both left anterior descending and right coro-
nary artery stenosis whose right coronary artery was initially
dilated, followed by angioplasty of the left anterior descend-
ing artery (unpublished observations) . In two of the six
patients, the lactate extraction ratio during balloon inflation
was decreased compared with that before balloon inflation ;
lactate extraction ratio in one patient changed from 7% to
-40% and in the other from 34% to 19%, indicating the
presence of myocardial ischemia in the anterior wall . In the
other four patients, the precordial ST segment depression
may be reciprocal because the lactate extraction ratio did not
decrease. This finding is comparable with that of Billadello et
al
. (
),
who compared ST segment changes with thallium-
01 scintigraphic findings in patients with acute myocardial
infarction . They concluded that most of the patients with
inferior infarction and precordial ST segment depression had
no anterior metabolic compromise, indicating that the ante-
rior ST segment changes were truly reciprocal phenomena ;
in a minority, the precordial ECG abnormalities reflected
PTCA
ST4in
at RCA (n=7)
precordial leads
(%)
(%)
50 50
0 0
`_ <
0.051
p
-50 -50
-100 -1
before during
PTCA PTCA
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impaired metabolism in the anterior wall indicative of isch-
emia .
Conclusions . Our findings of transient precordial ST seg-
ment depression during coronary angioplasty balloon occlu-
sion of a dominant right coronary artery support the recip-
rocal theory in single vessel disease . This precordial ST
segment depression suggests a relatively large area of pos-
terior myocardial ischemia . However, the ECG changes may
reflect impaired metabolism in the anterior wall in patients
with significant stenosis of the left anterior descending
artery. Thus, although precordial ST segment depression
associated with inferior ST segment elevation may have
different derivations, it seems to imply a large amount of
ischemic myocardium in either the posterior or the anterior
wall in addition to the inferior wall .
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